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® Hybridisation probes. 



® A method for discriminating a specific base sequence from a variant base sequence comprises subjecting 
adjacent segments of a target base sequence to hybridisation with a detectable first nucleotide probe and with a 
second nucleotide probe to form a hybrid, the nucleotide sequence of the first and second probe being such that 
where they form a split probe hybrid with a complementary target sequence they may subsequently be linked, 
subjecting any hybrid obtained to linkage and detecting any hybrid obtained. 
Hybridisation probes and kits for use in such a method are also described. 
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HYBRIDISATION PROBES 

The present invention relates to a method for the use of hybridisation probes, hybridisation probes 
therefor and kits for use in such a method. The present invention is particularly concerned with dis- 
criminating a specific base sequence from a variant base sequence and relates in particular to the 
advantages which may be obtained by subjecting adjacent segments of a target base sequence to 
hybridisation with a detectable first nucleotide probe and a second nucleotide probe. 

The present invention thus relates inter alia to discriminating specific base sequences whilst ameliorat- 
ing the problem of background non-specific hybridisation commonly encountered with hybridisation of short 
oligonucleotide probes to complex genomes. 

Nucleic acid hybridisation analysis is a technique of wide applicability in the fields of biomedical 
research and recombinant DNA technology. Thus for example hybridisation probes are useful for detecting, 
monitoring, locating and isolating nucleic acids and other molecules of scientific or clinical interest. 
Particularly useful are small oligonucleotide hybridisation probes which may for example be used to detect 
changes in DNA base sequences in relation to certain disease states such as phenylketonuria, alphaan- 
titrypsin deficiency, alpha-and beta-thalassaemia and sickle cell anaemia. These disease states are often 
associated with known single point mutations in genes. 

Whilst short oligonucleotide hybridisation probes are of considerable utility, they are usually associated 
with a high background of non specific hybridisation particularly when used for analysis of the genomes of 
higher organisms. This problem arises from the greater complexity of the genome. Thus for example 
mammals may contain of the order of a thousand-fold more DNA per cell than bacteria, and many of the 
nucleotide sequences may be repeated. For any given nucleotide probe therefore stable duplexes 
(hereinafter also referred to as hybrids) other than the desired duplex will usually be formed. This problem 
is particularly exacerbated by using very high oligonucleotide concentrations in order to accelerate the 
hybridisation process. This problem can be circumvented by using gel electrophoresis to resolve different 
DNA (or RNA) fragments before oligonucleotide hybridisation to ensure that a specifically hybridising 
fragment is resolved from non-specifically hybridising fragments. For example. Woo et al (Banbury Report. 
Recombinant DNA Applications to Human Disease. Cold Spring Harbor Laboratory (1983) pl05-l10) 
employ the Southern transfer technique to resolve small restriction fragments hybridising to an alphai - 
antitrypsin oligonucleotide probe from higher molecular weight species of DNA which also hybridise to this 
probe. 

Oligonucleotide hybridisation analysis of complex genomes using gel electrophoresis requires the 
preparation of pure DNA (or RNA) molecules from the organisms, fragmentation of DNA molecules by 
treatment with restriction endonucleases and. in most cases, transfer of resolved DNA (or RNA) molecules 
from the gel to a solid support for hybridisation. The complexity of this procedure makes it unsuitable for 
routine diagnostic use and difficult to automate. 

Simpler methods for hybridisation analysis with specifically hybridising long polynucleotide probes are 
exemplified by J Brandsma and G fVliller. Proc. Nat. Acad. Sci.(USA) Vol 77 (1980) p6851-6855 for DNA and 
by T. I^anser and M L Gefter Proc.Natl. Acad.Sci USA Vol 81 (1984) p2470-2474 for RNA and involve 
directly immobilising DNA or RNA from crude cellular lysates onto solid supports. Because of non-specific 
hybridisation, such direct immobilisation methods are not usually compatible with the use of oligonucleotide 
probes. 

In addition to the above problem of background non-specific hybridisation the present invention also 
relates inter alia to simplifying the detection of translocations which hitherto have only been detectable by 
gel methods. 

The present invention is thus based, at least in part, on the discovery of a method for discriminating 
between alternative nucleotide sequences whilst ameliorating the above-mentioned problems. The method 
— ...•si.i.oM lo uiuS ui iniotool in iHicr anca btmpiuytng tne oeieciton oi translocations and 

enabling a mutation in a given base sequence to be readily detected by for example allowing meaningful 
analysis of directly immobilised DNA or RNA samples or alternatively DNA or RNA samples in solution. In 
this connection it is known that the shorter the nucleotide probe the poorer is the selectivity of hybridisation 
and thus correspondingly the greater is the background. Moreover the shorter the nucleotide probe the 
weaker is the stability of the duplex formed as measured by its melting temperature (Tm) which is the 
temperature of the midpoint of thermal transition. The present invention Is based at least m part, on the 
discovery that the different hybridisation properties of a short nucleotide probe relative to a comparitively 
longer nucleotide probe may be exploited to advantage in discriminating between alternative nucleotide 
sequences, whilst ameliorating the above-mentioned problems. 
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The present invention is further based on the discovery of a method which substantially simplifies the 
hybridisation analysis thus providing a robust technique for discriminating between alternative nucleotide 

sequences. ■ • ,• 

Thus according to one feature of the present invention there is provided a method for discriminating 
i between alternative nucleotide sequences, which method comprises subjecting adjacent segments of a 
target base sequence to hybridisation with a detectable first nucleotide probe and with a second nucleotide 
probe to form a hybrid, the nucleotide sequence of the first and second probe being such that where they 
form a split probe hybrid with a complementary target sequence they may subsequently be linked 
subjecting any hybrid obtained to linkage, followed by detection of any hybrid obtained; 
0 the ONA sequence of the detectable first nucleotide probe and of the second nucleotide probe being such 
that a potential mismatch in the target sequence lies either between the said probes or at the terminal end 
of one of said probes, which terminal end is contiguous with the other of the said probes; 
the method being effected such that a complementary target sequence is discriminated from a target 
sequence with one or more non-complementary nucleotides. 
5 Where necessary any hybrid obtained following linkage may be subjected to selective denatunng. 

The presence of a linked probe may be detected by any convenient means for example selective 
denaturing or where one of the probes carries one member of a binding pair then by use of the other 
member of the binding pair. Appropriate examples of binding pairs are discussed hereinafter. It will be 
appreciated that one might identify either a complementary or a non-complementary target sequence by 
0 the absence of a dectectable hybrid and this is included within the scope of the present invention. 

It will be appreciated that hitherto discriminatory specificity has been achieved by careful manipulation 
of the temperature of hybridisation and washing of bound discriminatory probes. In the present invention the 
probes are designed to hybridise to the target sequence on either side of a potential mismatch, there being 
a gap preferably a single nucleotide gap, between the probes or the probes may be designed to hybridise 
•5 to contiguous sequences in the target sequence any potential mismatch being present at the terminal end 
of one of the probes which terminal end is contiguous with the other probe. The effect of the present 
invention is that specificity is mainly the result of the interaction between two independently interacting 
probes and the means ol linking the aforesaid probes, for example T4 DNA ligase. Thus the present 
invention enables a method of discrimination to be effected in which linkage e.g. ligation by for example 14 
» DNA ligase is expected to be less efficient where the residue(s) at either the 3" or the 5' site of the 
contiguous probes to be joined are not complementary to the sequence to which they are hybridised. 
Similarly where a gap, preferably a single nucleotide gap, is present between the two probes the present 
invention enables a method of discrimination to be effected in which incorporation of nucleotides with for 
example the Klenow fragment of DNA polymerase I or calf thymus DNA polymerase alpha to fill in the gap 
35 and allow linkage, with for example DNA ligase, will be significantly less efficient where the deoxy 
nucleotide triphosphate added, to for example the DNA polymerase reaction mixture is not complementary 
to the base residue under examination. 

The present invention thus enables the hybridisation analysis to be substantially simplified and allows 
the production of a robust technique for discriminating between alternative nucleotide sequences. Thus lor 
40 example the need to rely on the use of a hybridisation or wash within a narrow temperature range and for a 
specific time may be obviated thus overcoming the difficulties inherent in any technique which relies on 
narrow margins of error. The present invention even renders it possible in at least certain embodiments to 
effect the hybridisation analysis at room temperature. 

The method of the present invention may for example be ettected either by detection of a detectable 
45 signal resulting from complementary hybrid formation where a complementary target sequence is present, 
the hybrid if necessary, being denatured prior to detection; or by failure to detect a detectable signal, 
resulting from the absence of hybrid formation across a mismatch or from selective denaturation of any 
hybrid formed, where a target sequence with one or more non-complementary nucleotides is present. 

Thus whilst the first nucleotide probe must be detectable the second nucleotide may or may not be 
50 detectable depending on the embodiment of the method to be employed. 

The term delectable is used herein to mean capable of detection. Thus the first nucleotide probe need 
not carry a signalling means such as a radioactive label or a non-radioactive signalling complex, although 
such may be present, provided that the probe may subsequently be treated to render it capable of 
signalling. It is thus possible to discriminate between sequences in a complex genome differing by as little 
55 as one base pair. 
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Where a spht probe hybrid would be formed following hybridisation, with a complementary target base 
sequence any hybnd obtained Is subjected to a linking reaction for linking the detectable fi7s, nuc leo'de 
probe to the second nucleotide probe, any hybrid obtained being subjected to appropr artretmem 

taHe^Lwl tk J r^^^^^ ? T"'^'' "° dena,urat,on is effected for a perfectly complemen- 

ln?i«„ ? ol,gonucleot.de-target sequence hybrid. Where a probe is designed to hybri^se to a 

porhon of the target sequence which contains a suspected mismatch, the probe will generally be an 

al oTo^ of '^^^'"^"^ '^^ example include seTecLe dena.ur- 

«L . ^/l nucleotide probes results in greater hybrid thermal stability for the detectable 

ed to non specific target sequences with no adjacent oligonucleotide probe present 
. !. ^''f;*"*"" "Oligonucleotide" as used herein means a nucleotide sequence which is either 

,5 is ' ' ^^^^^^^ « « ^ s'ngle base p^r mismatch 

f K ' '"'^^ " ''y""'' b«*"9 destabilised by the presence oH Ntt^ 

as a single base pair mismatch such that it may be selectively denatured under conditions which woSd nS 
denature a corresponding perfectly complemenury hybrid 

It will be appreciated that the potential variant sequence may be present in the segment of the taroet 
sequence to which the detectable first nucleotide probe hybridises, it may be present X sLment of The 

eXr^rol:^'!.^ r T'^'''' '''"'''^'^ °^ " be present beleTl si 
31 nf^K 7 ^ ''^"^"''^ '"'^'^ P°'«"'*al variant sequence is present in the 

m ^1 target sequence to which either the detectable first nucleotide probe o' the second 

nSTc h>Hf ' ^^''^^^^ at the terminal end of one of said 

probes, which temiinal end is contiguous with the other of the said probes 

' "^"^ l^T"'® """^'^ P°'°"^'*' sequence is present in the segment of the taroet 

sequence to which the second nucleotide probe hybridises, formation of a split probe hybrid Z resul 

Tr!!." H " °' P^^"^^ -*^-atch orif L second probe sverl 

the s^nd oToHCbrid ''''' '"^"^^ ^^'^'^^'^^ Will resul, in d'enaLnng o 

, ! ^ '''^ ^^''"'^ *^ subjected ,0 linking, linkage can only take olace 

second LIT". '° ^^^"^"'^^ no mismatch ex s iS he 

Tnr n'^ I k!^ ''''' " "^y^^"^ "''•^^^^^ after linking is subjected to selLct ve 

denaturing any hybrid present in which the first probe alone is hybridised ,o the targe sequence wUhou^ 

ITV ° '^"^'"^^ '^^^'"9 ^«^«=table probe hybrid Ld ont? to Te tIS 

' Th" r T ' complementary sequence of the second probe ^ 

' nno K °7 P'°''' "^"^ " *^ave one member of a binding pair Generallv the 

mem^r.rtH t T'"' ""^'^ ''^^ °^ ^^^ond nucleotide^obe The otier 

nuT«oL ^'"J"!? """^ °^ °" = ^"PP°^- Thus Where approprLe, the second 

nucleotide probe linked to the detectable first nucleotide probe may be isolated on a support carrvfno^he 

m^'T' °' ''"""^ ' '"'"'"'^ -^^V for example be a p^teinTgand or an^^^ 

^Ld r " T " ^-*tropheny.-antidin„rophenyl antibody interfc ion ' 

nnrt on nf.h T " '''"'''"^ '^"'^ '"^^ ^ ^«q"«"«=a. -»^ich sequence may be a 

th« Lil ''^ ' °' ""'^ ' """^'^"''^^ '^^anch on the probe. The other member of 

Teirrrs "briref " ^ ^^'^^ ^'"^^ — - — ™ 

The hybridisation and/or selective denaturation is preferably effected at a temperature selected to oiv« 
T'T'"" '^"'^""'^ "^''""^ hybridisation selectivity fo7fhe peci ^0^^^^ 

Tan eleva?.d and/or selective denatura.ion 7s effected 7 ^ueoS oM on 

n oh« h ? ^'"P^^^'"^^ selective hybridisation to a mammalian genome which for a sol." 

.es;;ce or^^^^^^^^^^^^ ~ .ro^r rs.!:^^^^^^^^ 

1™;:; rar r.r '~ " - 

-,hiJh ^ ""^^^^ embodiment of the present invention there is provided a method of hybridisation orobino 

dll^?T"r' r"'^"'"' ^^9"^"'^ °' '^^Q^' ^ase sequence to hybridise ion ^th a 

detectable first nucleotide probe and with a second nucleotide probe such that a split probThrd would 
TJrrT. " . " complementary targe, sequence, where necessary subjecting me hybrid ob amed to 
selective denaturing whereby to denature whichever of ,he first and second nucleotide probes is hSed 
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to a portion of the target base sequence with one or more non-complementary nucleotides and subse- 
quently subjecting the hybrid obtained to a linking reaction whereby to link together the detectable first 
nucleotide probe to the second nucleotide probe and where necessary subjecting the hybrid obtained to 
selective denaturation whereby to discriminate between a target sequence complementary to the first and 

5 second nucleotide probes and a target sequence with one or more nucleotides non-complementary to one 
of the first and second nucleotide probes. 

The hybridisation or selective denaturation may be effected for example at a temperature above the 
melting temperature of the split or single nucleotide probe hybrid but below the melting temperature of the 
linked probe hybrid or in the presence of an organic solvent effective to destabilise the hybrid as discussed 

10 above. Where hybridisation is effected under selective denaturing conditions a further selective denaturing 
step after the hybridisation but before linking may be avoided. 

The first and second nucleotide probes may be linked by any convenient means known ger se such as 
for example by enzymatic ligation using, for example, a DNA ligase or by covalent/non-covatent linking 
using for example a biotin-avidin cross-link. 

15 The detectable first nucleotide probe and/or the second nucleotide probe may initially not be capable of 
being linked, e.g. ligated. together until the gap(s) between them is (are) filled with DNA polymerase in the 
presence of the target sequence of interest. 

The effect of linking the detectable first nucleotide probe and second nucleotide probe is to increase 
the thermal stability of the cross-linked probe hybrid obtained over the corresponding detectable probe 

20 hybrid alone. Thus for example the temperature of the linked probe hybrid may be increased to a 
temperature which denatures the corresponding split probe hybrids or a corresponding hybrid in which only 
one of the detectable first nucleotide probe and second nucleotide probes is hybridised to the target base 
sequence. The linked probe hybrid which includes the complementary target base sequence is thus left 
intact. The method of the present invention thus enables one to discriminate a base sequence which is 

25 perfectly complementary to the detectable probe sequence from alternative sequences. 

It will be appreciated that while the above embodiment of the invention is most useful for directing 
oligonucleotides to specific hybridisation sites in complex genomes in order for example, to analyse for the 
presence of point mutations it is also of use for analysis of other variations in complex genomes such as 
translocations. For analysis of translocations, it is preferred that the non-detectable second polynucleotide of 

30 a split probe will have one member of a binding pair associated therewith and will hybridise to genomic 
sequences adjacent to potential translocation breakpoints. The detectable probe will preferably be several 
kilobases long and span a region of potential translocation breakpoints. Quantitative linkage of poly- 
nucleotides comprising the split probe following hybridisation will only occur where the genomic region is 
contiguous and uninterrupted by translocations. The occurrence of a translocation will preclude a proportion 

35 of the detectable probe from linking to the non-detectable polynucleotide. On subsequent denaturation of 
hybridised polynucleotide and application of the other member of the binding pair, a proportion of the 
detectable polynucleotide will not then be found to be associated with the polynucleotide complexed with 
the other member of the binding pair. The binding pair will preferably comprise an antigen-antibody or a 
biotin-avidin interaction whereby, for example, denatured hybrids are passed through a solid phase 

40 complexed with one member of the binding pair and the eluate analysed for the presence of the detectable 
probe. 

Thus in a further embodiment of the invention we provide a method for the analysis of translocations in 
a target base sequence e.g. a complex genome in which the detectable first nucleotide probe is adapted to 
hybridise across a region of potential translocation(s) and the non-detectable second nucleotide probe is 
45 adapted to hybridise to sequences adjacent to said potential .translocatton(s). the non-detectable second 
nucleotide probe carrying one member of a binding pair, the method comprising formation of a split probe 
hybrid which is subjected to linking to form a linked probe hybrid which hybrid is then denatured. 

In another embodiment of the present invention, there is provided a method as hereinbefore defined 
wherein each of the detectable first nucleotide probe and second nucleotide probe carry a moiety such that 
50 after hybrid formation, and denaturation where appropriate, a signaJ is only detectable if a nucleotide 
sequence is obtained which carries both the moiety attached to the detectable first nucleotide probe and 
the moiety attached to the second nucleotide probe. 

The nucleotide probes may for example be oligonucleotide probes. 

The method of this embodiment might tor example be effected using non-radioactive energy transfer 
55 procedures (see for example European Patent Publication No. 70685 of Standard Oil Co.) or enzyme 
chanelling techniques (see for example European Patent Publication No. 95087 of Syva Co.). Thus this 
embodiment may provide a homogenous assay for a specific target nucleotide sequence. 
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In another embodiment of the invention there is orovided a msthnrt »«r h;.. . . 

fttlrh«H P™''® ''"'"9 'e^-^ina' oligonucleotide probe whTch has 

seoara^alvt.'^^^^ 7"'"' °' ' ''"''"^ "^^^ ^"'^^ oligonucleotide probe(s) be'ng hyrdised 

« desired be linked to the siqnallina oart of tha r^n^^lTT I, ^ ^ ^ 9~"P ""^^ " 

presence of an appropriate substrate according m2d nowr,^^^^^^^^ *? 

covalently-attached residue mav ooerate accorriin n =.„ ° - signalling part of the 

55 luminescence, fluorescence or b; m':ins o, 00,-" " " 
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In use it will generally be necessary for the nucleic acid probe to detect minute amounts of the fully 
complementary oligonucleotide sequence. In such circumstances it will be advantageous to incorporate 
within the probe a means of amplifying the signal. The amplification can be carried out by known 
techniques, for example using one or more of the systems described in European Patent Publications 
5 27036 (Self). 49606 (Self). 58539 (Self) and 60123 (Self). 

According to a further feature of the present invention there are provided split probe hybrids which 
comprise a detectable first nucleotide probe and a second nucleotide probe hybridised to adjacent 
segments of a target base sequence, the detectable first nucleotide probe being capable of linkage to the 
second nucleotide probe. 

10 The detectable first nucleotide probe preferably has a nucleotide sequence homologous to a segment 
of a base sequence associated with a disease state or homologous to a target base sequence adjacent to 
such a variant sequence or homologous to the corresponding normal sequence. Such a variant sequence is 
generally a point mutation. Where the sequence of the detectable first nucleotide probe is adjacent to a 
variant sequence the sequences of the nucleotide probes are such that they are preferably homologous to 
75 segments of the target base sequence either side of the potential variant sequence. 

The non-nucleotidyl cross-link may for example be a disulphide link or a biotin-avidin link. 
At least the first nucleotide probe is detectable and thus preferably carries a signal or a residue capable 
of producing a signal as described above. 

In order to enable the method of the present invention to be effected conveniently it will generally be 
20 advantageous to incorporate the nucleotide probes in a kit and this kit is therefore regarded as a further 
feature of the invention. 

Thus according to a further feature of the present invention there is provided a kit for discriminating 
between alternative nucleotide sequences which comprises a detectable first nucleotide probe and a second 
nucleotide probe, each probe having a nucleotide sequence homologous to adjacent segments of a target 

25 sequence, a potential variant sequence being present in one of said segments or therebetween; the kit 
additionally containing a reagent(s) for linking said probes where the probes are not so linked. 

The potential variant sequence will commonly be a point mutation associated with a disease state. In 
such a case the kit will preferably contain a detectable first nucleotide probe and second nucleotide probe 
for detecting a point mutation associated with a disease state as well as a detectable first nucleotide probe 

30 and a second nucleotide probe for detecting the corresponding normal sequence in which the point 
mutation was absent. 

It will be appreciated in this regard that certain disease states are characterised by point mutations 
which appear in different regions of the human DNA genome. In such a case it would be important to 
determine that each relevant point mutation was present or absent and thus more than one set of probes 
35 (detectable first nucleotide probe and second nucleotide probe at least) would be employed, one set of 
probes to detect the presence or absence of each point mutation. It would also be advantageous to include 
in the kit set(s) of probes for the corresponding normal or variant sequence. 

The kit will also advantageously contain means for extracting DNA and/or means for immobilising DNA 
on a solid support. 

40 If desired at least one of the detectable first nucleotide probe and second nucleotide probe may carry 
one member of a binding pair, the other member of the binding pair being present for example on a solid 
support provided with the kit. 

The kit will also comprise appropnate buffer solutions and/or washing solutions and will contain written 
or printed instructions for use of the kit according to the method of the present invention. 

45 With reference to the drawings. - 

Figures 1, 2 and 3 are autoradiographs in which 1 represents the DNA sequence of human interferon alpha? 
in the plasmid pIFSllOl as set out in Edge et al. Nucleic Acids Research Vol 11. (1983) p64l9 to p6435 
and K represents the DNA sequence which codes for the interferon apha? analogue [Ala^JIFN-alpha? in 
which the codon TCC is replaced by GCT. This analogue base sequence is herein designated as pK9. 

50 Figure 4 is an autoradiograph in which lane hA shows a signal corresponding to a 32 base long 
oligonucleotide marker band, lane 1 shows a signal corresponding to a 32 base long ligation product 
derived from oligonucleotides 11(-1) and 13 (see hereinafter) each with a single dCTP residue incorporated 
at its 3' end. Lanes 2 to 5 fail to shown any signal correponding to a 32 base long oligonucleotide. 

Figure 5 shows an autoradiograph of aliquots of ligase reaction mixtures containing 5' OH trg 3. 5* OH 

55 trg 4, 5' 32p CRN1 and 5' ^Sp CRN2 carried out between 0 and 40 "C. these temperatures of incubation 
appearing at the top of the autoradiograph. 0-is a no enzyme control. BPB indicates the position of the 
bromophenol blue marker dye. 
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Figure 6 shows an autoradiograph of aliquots of (igase reaction mixtures containing 5' OH trg 3. 5* OH 
trg 4, 5' 32p CRN1 and 5' 32p CRN4C carried out between 0 and 40'C. these temperatures of incubation 
appearing at the top of the autoradiograph. 0-is a no enzyme control. BPB indicates the position of the 
bromophenol blue marker dye. 
5 Rgure 7 shows an autoradiograph of aiiquots of ligase reaction mixtures containing 5' OH trg 3. 5' OH 
trg 4. 5' 32p CRM and 5' CRN6C carried out between 0 and 40'»C. these temperatures of incubation 
appearing at the top of the autoradiograph. O-is a no enzyme control. BPB indicates the position of the 
bromophenol blue marker dye. 

The invention is illustrated, but not limited, by the following Examples. In the Examples, unless 
10 otherwise stated, the solutions are aqueous and the % values are w/v. 

The constitution of various reagents is as follows:- 
SSC is 0.15M NaCI + 0.015M sodium citrate: 

Kinase buffer is 0.066M Tris.HCI pH 7.6. Iml^ spermidine, 0.01 M MgCh. 15mM dithiothreitol and 0.2 mg/ml 
bovine serum albumin (BSA); 
15 10 X CORE BUFFER is 500 mf^ Tris HOI pH8, 100 mM MgCl2. 500 mM NaCI; 

10 X nick tranlation buffer is 0.5 M Tris.HCI (pH 7.2). 0.1 M MgSOi. ImM dithiothreitol and 500 ug/ml BSA 
(Pentax, fraction V): 

Triton-X-100 is a polyoxyethylene ether surface active compound; 

Ficoil is a non-ionic synthetic polymer of sucrose having a molecular weight of approximately 400.000 in 
20 dialysed and lyophilised form; 

Nonidet P-40 is an octyl phenol ethylene oxide condensate containing an average of 9 moles ethylene 
oxide per molecule; 

Denhardt's reagent is 0.2 g/l Rcol 400,000, 0.2 g/l polyvinyl pyrrolidone (PVP) and 0.2 g/l bovine albumin 
(BA); 

25 PBS - (phosphate buffered saline) is 0.01 M sodium phosphate pH 7.4 and 0.1 3M NaCI; 

SSPE is 10 mM sodium phosphate pH7. OA&hA NaCI and 1 mM EDTA; 
The following contractions are used:- 

DNA deoxyribonucleic acid 

tRNA transfer rilxjnucletc acid 
30 EDTA ethylenediaminetetraacetic acid 

PBS phosphate buffered saline 

SOS sodium dodecyi sulphate 

2 X SSC double concentration SSC 

6 X SSC six times concentration of SSC 
35 20 X SSC twenty times concentration of SSC 

BSA bovine serum albumin 

BA bovine albumin 

PVP polyvinyl pyrrolidone 

Tris tris(hydroxymethyl)aminomethane 
40 10 X Core buffer ten times the concentration of CORE BUFFER 

ATP adenosine triphosphate 

NP40 Nonidet P.40 

10 X nick translation buffer ten times the concentration of nick translation buffer 
The following are trade marks 
45 Minifold 

Triton-X-100 
CORE BUFFER 
Ficoil 



EXAMPLE 1 

Plasmids used for oligonucleotide hybridisation analysis were pIFSllOl (Edge et al., Nucleic Acids 
Research. Vol 11 (1983) p6419 to 6435) and a derivative thereof designated herein as pK9 in which the 
55 codon GOT coding for alanine is present at amino acid position 28 in place of the codon TCC which codes 
for serine in HulFN-alphaj. Aliquots of i ug, 100 ng and 10 ng were diluted to 153 ul in water. To these 
were added 30 ul 2MNaOH. 17 ul 1M Tris.HCI pH7.4 and 100 ul 20 x SSC (SSC is 0.1 5M NaCI. 0.01 5M 
sodium citrate). Samples were heated to lOO^C for 10 minutes, then placed on ice and 70 ul IM Tris.HCI 
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pH7 was added. Dilutions of plasmid ONA were filtered onto BA 85 nitrocellulose filters (Schleicher and 
Schuell Keene, N.H.. USA) using a Schleicher and Schueli Minifold II apparatus according to the 
manufacturer's instructions. The nitrocellulose paper was cut to fit the Minifold apparatus and wetted by 
floating on 2 x SSC before mounting in the apparatus. DNA samples were then applied to the wells and 

5 filtered at a rate of approximately 0.5 ml per minute. The nitrocellulose was then air dried for 10 minutes 
and baked at 80-0 for 2 hours in vacuo . The oligonucleotides 11 and 13 (Edge et at., see above) 
corresponding to the sequence of the synthetic interferon alpha2 gene in pIFSHOl were used for 
hybridisation. Oligonucleotides 1 1 and 1 3 have the following DNA sequences:- 
Oligonucleotide 1 1 5' CGTATCTCCCTGTTC 3' 

10 Oligonucleotide 13 5' TCCTGTCTGAAAGAC 3' 

Oligonucleotide 13 was labelled with ^^p as follows: to 400 ng of oligonucleotide in 18.5 ut H?0 was added 
20 ul ^p gamma ATP (Adenosine 5'-[^p}triphosphate. triethylammonium salt in aqueous solution, approx. 
3000 Ci/nmol, 10 uCi/ul. Amersham International), 4.5 ul 10 x kinase buffer (10 x buffer = 0.66M Tris. HCI 
pH7.6, lOmM spermidine. 0.1 M MgCl2, 150nM dithiothreitol and 2 mg/ml bovine serum albumin (BSA. 

75 Nucleic Acid Enzyme Grade, Bethesda Research Laboratories)) and 2 ul T4 polynucleotide kinase (5 
units/ul, Boehringer Mannheim). After 1 hour at 37'C, half of the sample was applied to a 4 ml column of 
Biogel P2 (Biorad; pre-equilibrated with lOmM Tris. HCI pH8. ImMEDTA). The 32p labelled nucleotide was 
eluted in the void volume of the elution buffer comprising lOmM Trts.HCI pH8. ImM EDTA. 100 ng of 32p 
labelled oligonucleotide probe was used for hybridisation together with 100 ng- unlabelled oligonucleotide 

20 11. Nitrocellulose filters onto which pIFSllOI or pK9 DNA had been immobilised were prehybridised for 2 
hours at SS^C in 5 x Denhardfs reagent (1 g/l Ficolt. 1 g/l polyvinylpyrrolidone, 1 g/l BA (bovine albumin. 
Fraction V, Miles Laboratories). 5 x SSC. 50mM sodium phosphate pH7, 1% glycine. 0.1% sodium dodecyl 
sulphate (SDS) and 100 ug sonicated denatured herring sperm DNA (Sigma). Hybridisations were per- 
formed in 2 mis of 5 x SSC, 0.5% NP40 (BDH) and 250 ug/ml tRNA (Sigma, type X-S) with 100 ng of either 

25 oligonucleotides 11 and 13 added together or, as a control. 100 ng of oligonucleotide 13 added alone. 
Hybridisations were performed overnight at room temperature. Filters were then washed in 6 x SSC. 0.06% 
sodium pyrophosphate and 20mM sodium phosphate buffer, pH7 for 5 minutes at room temperature and, 
after changing the wash buffer, for a further 3 minutes at room temperature. Filters were then treated with 
phosphate buffered saline (PBS; 0.01 M sodium phosphate pH7.4. 0.1 3M NaCI) containing 2% BA and 0.1% 

30 Triton-X-IOO(BDH) for 30 minutes at 16*'C. Filters were then rinsed 5 times with PBS and 2% BA to remove 
the Triton-X-100. For cross-linking of hybridised probes, fitters were treated with 66mM Tris. HCI pH7.8. 
5mMMgCl2. 5mM dithiothreitol. ImM ATP. 500 ug/ml BSA and 0.3 U/ul T4 DNA ligase (Boehringer. 5U/ul). 
Incubation was for 80 minutes at 16*C. Filters were then washed at 60°C for 20 minutes in 6 x SSC. 0.06% 
sodium pyrophosphate and 20mM sodium phosphate pH7. The filters were then wrapped in Saran wrap and 

35 exposed to autoradiographic film for 2 days. Figure 1 shows that after the final wash at 60 'C, an 
appreciable autoradiographic signal was observed only for the plasmid pIFSllOl (I) where hybridised 
oligonucleotides 11 and 13 had been cross linked by ligation. A background signal corresponding to 
immobilised pK9 (K) was observed after hybridisation and cross linking of oligonucleotides 11 and 13. This 
background signal represented about 1% of the corresponding signal obtained for pIFSllOl and resulted 

40 from the minimal hybridisation of oligonucleotide 13 because of hybrid mismatches with the corresponding 
region of the plasmid pK9. Thus adjacent hybridised oligonucleotide probes were shown by this example to 
cross link efficiently by ligation on nitrocellulose filters. Moreover, with the experimental conditions 
described the ligation time could be reduced to 5 minutes without any toss of autoradiographic signal 
intensity. 

45 

EXAMPLE 2 

High molecular weight DNA was isolated from the lymphoblastoid line Daudi using the method of Blin 
so and Stafford (Nucleic .Acids Research. Vol.3 (1976) p2303). 200 ug of Daudi DNA was diluted into 320 ul 
H2O and to this was added 40 ul of 10 x CORE BUFFER (Bethesda Research Laboratones) and 40 ul EcoRI 
(50 units/ul Northumbria Biologicals. Cramlington. Northumberland. UK). Following an incubation at 37' C for 
3 hours, the solution was extracted with an equal volume of phenol/chloroform (1:1), then with 1 volume of 
chloroform and finally three times with 1 volume of H2O saturated ether. The DNA was adjusted to 0.3M 
55 sodium acetate and precipitated with 2 volumes of ice cold ethanol. The DNA pellet was washed in cold 
70% ethanol and the pellet, dried and redtssolved in 100 ul H2O. 
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3 ug of the plasmids pIFSllOI and pK9 (see Example 1) were dissolved in 17 ul HjO and to this was 
added 2 uMO X CORE BUFFER and 1 ul EcoRl (see above). The mixture was incubated for 3 hours at 
37*C and was followed by solvent extractions and EtOH precipitations as for the Daudi DNA above. The 
dried pellets were redlssolved in 10 ul H2O. 

10 ug of EcoRI digested Daudi DNA was mixed with l ng altquots of either pIFSllOl or pK9 and 
subjected to gel electrophoresis on a 0.5% horizontal agarose gel as described in Maniatias et al (Molecular 
Cloning. A Laboratory fwlanual: Cold Spring Harbor Laboratory. 1982). Following electrophoresis, DNA was 
either transferred onto nitrocellulose filters by the Southern transfer procedure (Maniatis et al) for subse- 
quent hybridisation or. altematively. DNA was probed directly within dried agarose gels prepared as 
descnbed by Sludencki and Wallace (DNA. volume 3. p7 to 15 (1984)). For DNA transferred onto 
nitrocellulose filters hybridisation was as described in Example 1 except that the hybridisation temperature 
was 32'C using 100 ng oligonucleotide 11 and 100 ng labelled oligonucleotide 13 as probes. The filters 
were washed for 30 minutes at room temperature in 5 x SSC. 0.06% sodium pyrophosphate and 20mM 
sodium phosphate pH7 and then at 40»C. for 15 minutes to remove most of the 32p labelled oligonucleotide 
associated with the pK9 plasmid DNA. The filters were then exposed at -70-C to Kodak X-Omat AR Film 
using Intensifying screens. After this 40''C wash, a background signal derived from hybridisation to Daudi 
cell DNA was still evident as shown in Figure 2. 

Dried agarose gels were hybridised directly with 100 ng of both oligonucleotides 11 and labelled 13 
in 50 mM sodium phosphate pH7. 0.9 M NaCI, 5 mM EDTA. 0.3% SDS and 10 ug/ml E.coii DNA at 32''C 
overnight. The dried gels were subsequently washed in 2 x SSPE (SSPE is lOmM sodium phosphate pH7. 
0.18M NaCI. imf^ EDTA) and 0.1% SDS at room temperature for 30 minutes and then at 40»C for 15 
minutes In the same washing buffer. The result was similar to that observed on nitrocellulose filters (Figure 
2). In order to remove background due to hybridisation to Daudi cell DNA. oligonucleotides 11 and 13 
hybridise to DNA immobilised either in nitrocellulose or dried gels were cross^inked by ligation, as 
described In Example 1. and finally washed at 60'C for 15 minutes as above. This resulted in a single band 
con'esponding to 1 ng of plasmid pIFSllOl with little observable background and with no signal evident 
corresponding to pK9 DNA as shown in Rgure 3 for DNA immobilised on nitrocellulose. 
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The plasmid DNA used for analysis was pIFSilOl (Edge et at.. Nucleic Acids Research, vol. 11 (1983) 
p6419 to 6435). 2 ug of pIFSllOl plasmid DNA was digested with EcoRI (20 units. Bethesda Research 
Laboratones) in a reaction volume of 20 ul for 2 hours using conditions recommended by the enzyme 
supplier. The reaction mixture was extracted once with phenol: chloroform (1:1) and once with chloroform 
before adding 2 ul 3M sodium acetate pH 5.2 and 45 ul ethanol. The DNA was precipitated at -20»C 
ovemight, washed in 70% EtOH and dried prior to resuspension in 30 ul H2O. 

The oligonucleotides used for analysis were designated 11(-1) and 13 where oligonucleotide 13 was 
used to construct at the synthetic interferon alphas gene in pIFSllOl and oligonucleotide 11(-1) is a 
derivative of oligonucleotide 1 1 used for gene construction with a sequence shifted 5' by 1 base. Thus the 
sequences of the oligonucleotides were as follows:- 
Oligonucleotide 11(-1) 5'CCGTATCTCCCTGTT3' 
Oligonucleotide 13 5TCCTGTCTGAAAGAC3' 

Oligonucleotide 13 was 5' end labelled with 32p using polynucleotide kinase as described for synthetic 
linkers (forward reaction) in ivtolecular Cloning, a Laboratory fvlanual (Editors: IV!aniatis. Fritsch and 
Janbrook. Cold Spring Harbor). The kinase reaction was stopped by heating to 70 »C for 10 minutes 
followed by 2 successive phenol extractions. The solution was then extracted with ether and excess ether 
was blown off. 

4 ul allquots of EcoRI digested pIFSllOl DNA were added to 50 ul aliquots of a solution of 10 x SSC. 

s*y ..!. ..i.T. .. , ^3.,v^ww^5 lauoMou uMgonuCiuotiQe 10 eitner witn or witnout l 

pmole of oligonucleotide 11(-1) was added and the solutions diluted to 100 ul with water. The solutions 
were heated to 100°C for 5 minutes and then placed in a water bath at 39-C for 2 hours In order for the 
oligonucleotides to hybridise to the target pIFSllOl DNA. 

DNA samples were dissolved in 10 ul H?0 to which was added 1 ul of either 2nfs4 dCTP or 2nl^ dGTP 
(PL Biochemicals). Then 2.5 ul of 10 x nick translation buffer (see Molecular Cloning, a Laboratory Manual 
referred to above) 10 x buffer is 0.5 M Tris.HCI (pH 7.2). O.IM MgSO. ImM dithlothreltol and 500 ug/ml 
BSA (Pentax, fraction V) was added and the solutions were diluted with water to 25ul. 2 Units of the Klenow 
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fragment of DNA polymerase I (Boehringer) was added and the solutions incubated at room temperature for 
30 minutes. 1.5 ul 10 x nick translation buffer was added together with 4 ul 10 mM ATP and 7.5 ul H2O. 2 
units of 14 DNA ligase (Bethesda Research Laboratories) were added and the solutions were incubated at 
14*'C for 4 hours. 

2 ul of reaction mixtures were analysed on an 8% native polyacrylamide gel. Prior to loading, samples 
were heated to 100°C for 5 minutes and rapidly cooled on ice before adding 1 ul of gel loading buffer 
(0.25% bromophenol blue. 0.25% xylene cyanol and 15% Ficoll type 400). Figure 4 shows the results of 
this gel analysis. An autoradiographic signal corresponding to a 32 base long oligonucleotide marker band 
(lane M) was observed only in lane 1 where the polymerase reaction had included dCTP prior to ligase 
treatment. Other samples included polymerase treatment with dCTP present but without ligase treatment 
(lane 2) or without oligonucleotide 11 (-1) (lane 5). Inclusion of dGTP in place of dCTP in the polymerase 
step either with ligase treatment (lane 3) or without ligase treatment (lane 4) did not result in an 
autoradiographic signal in the 32 base position. 

These results indicate that production of the 32 base long ligation product derived from oligonucleotide 
11(-1) and 13 requires inclusion of the correct deoxynucleotide triphosphate (dCTP) for filling in the single 
base pair gap opposite a G residue between the individually hybridised oligonucleotides. Inclusion of the 
incorrect nucleotide (e.g. dGTP) or, by inference, susbtitution of the G residue in the gap by an alternative 
residue, precludes the formation of the 32 base long ligation product. Thus this constitutes a diagnostic test 
for the presence or absence of a specific nucleotide in a target DNA sequence. 

EXAMPLE 4 

In a further exemplification of the invention a systematic study was performed on the effect of 
mismatches on ligation with T4 DNA ligase over a range of temperatures. Every possible mismatch 
possibility within one strand of a seven base-pair overlap was examined (Table 1 ). Ligation of mismatched 
oligonucleotides was assayed in competition experiments in the presence of equimolar quantities of the 
non-mismatched oligonucleotide CRN 1. The sequences correspond to the -35 region of the E. coli trg 
promoter Windass. J D et al Nucleic Acids Research 10, 6639-6657 (1982)). All oligonucleotides in this 
study were characterised by DNA sequencing (Maxam A M and Gilbert W.. Proc. Natl. Acad, Sci. USA 74, 
560-564 (1977)). Ligation products were quantified after separation by polyacrylamide gel electrophoresis 
by Cerenkov counting of radioactivity in putative product bands. In all cases where a mismatched 
oligonucleotide was ligated in the presence of the fully complementary oligonucleotide CRN 1 the yields of 
mismatched ligated product were minimal until the mismatched base was separated from the ligation point 
by 6 base pairs and until the temperature of the ligation reaction in these cases was less then 35 ''C. 
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Table 1 

TGTTGACTGCCCGT 3' CRN2 
trp 3 TGTTGACTGCC 3' CRNl 

5* ATTCTGAAATGAGC 

TTTACTCGACAACTG 5* 

tr£ 4 



CRN 2 


TG 


TT 


GA 


C 


TG 


CC 


CG 


CRN6A 








T 








CRN6B 








A 








CRN6C 








G 








CRN5A 


TG 


TT 


GT 


C 


TG 


CC 


CG 


CRN5B 






GC 










CRN5C 






GG 










CRN5D 






TA 










CRN5E 






CA 










CRN5F 






AA 










CRN4A 


TG 


TC 


GA 


C 


TG 


CC 


CG 


CRNAB 




TA 












CRNAC 




TG 












CRNAD 




CT 












CRNAE 




AT 












CRN4P 




GT 












CRN3A 


TT 


TT 


GA 


C 


TG 


CC 


CG 


CRN3B 


TC 














CRN3C 


TA 














CRN3D 


OG 














CRN3E 


AG 














CRN3P 


GG 















50 



The region bearing the mismatch is the -35 region of the synthetic E. Coii trp promoter. In competition 
with CRN 1 for annealing to the 5' overlap from trg 4 are CRN2 (control) of CRN3A to SC. These 
oligonucleotides cover all possible single base pair mismatches with the trg 4 5' overlap. 
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Materials and Methods 

Oligonucleotides were synthesised by the improved solid phase phosphotriester method (Gait^M J |l 
,1980) Nucleic Acids Research 8, 1081-1096 and Marlcham, A F e. 31,1980) "i^'^^'^ 
■ 5205) and purified by high performance liquid chromatography initially on Pans.1 ^O-S^X an.on-exchange 
' c °uls (Jones Chromatography. Glamorgan or Whatman Ltd) then on C« uBondapaK refers phase 
columns (Waters Associates Inc.) as described (Newton. C R et al (1983) '^"=^S'°^'«"^^l|f. ^^^^f^^^^ ^ 
Seauencino of S'^^p radiolabelled oligonucleotides were as described by Maxam and Gilbert (Maxam A 
M efTi 97?) Proceeding of the National Academy of Sciences. USA 74. 560-564) for the cyto^-e P'us 
0 thymine, adenine, and guanosine greater than adenine cleavages and as described by 

(Rubin C M et al (19M) Nucleic Acids Research 8. 4613-4619) for the partial cytos.ne specific cleavage 

^'\rr C BoWr Mannn^m GmbH and the unit --io" -ed^^^^^^^^^^^^^ 

according to Weiss et al (Weiss. B et al (1968) Journal of Biological Chemistry 243, 4543-4555) One unU 
,s Sate enzyme aSivTty which exc-hanges at 37'C Inmole 3.PPi into Norit ^''S^^^able ma enal wuh.n 20 
^SnuterL^ase reactions were carrid out in 66 mM Tris-HCl (pH7.6). 6.6 mM MgCl. 10 mlvl dithiothreitol 

'"'?4*^Wnudeotide kinase was from New England Biolabs. the unit definition being the enzyme activity 
producing Inmole of acid insoluble »p in 30 minutes at 37-C. Kinase reactions -- earned out in 50 mM 
,0 Tris-HCl (pH 9.0). 10 mM MgCI:. 20 mM dithiothreitol. 0.1 mM spermidine. 0.1 mM EDTA. The ATP 
concentration was variable depending on the subsequent use of phosphorylated oligonucleotide 

Adtn " triphosphai. triethylammonium salt (-p ATP) was from Amersham International. 

imCi ner ml in aaueous ethanol with specific activity>5000 Ci/mmol. 

Arradic^raphy was at room temperature or at -70-C using Kodak XR-S film with llford fas. tungstate 
js intensitvinascreensfLaskey. R A etal (1977) Febs Letters 82. 314-341]. 

eS^^^^^^ was thLgh 2-0% acrylamide (19.33% acrylamide. 0.67% bisacrylamide) gels contain- 
ing 7M Urea. 50 mM Tris-borate (pH 8.3) 1 mM EDTA unless otherwise stated. 

Electrophoresis samples were either resuspended or diluted with 80% formam.de. 10 mM NaOH. 1 rnM 
EDTro irbr^^^^^^^^^ blue. Samples were heat denatured at lOO'C for 2 minutes then rapidly oed 
30 on ice prior to electrophoresis. Electrophoresis was across a potential gradient of 40V/cm till the 
bromophenol blue had migrated 15 cm from the origin unless stated othervv.se. 

labelled oligonucleotides were purified by polyacylamide gel «'«'=»'°P^°'«^^/"f ^^^m fhtI n 
ered ^om gels by electroelution into dialysis bags containing 10 mM Tns-borate (pH 8.3). 0.2 EDTA (1 
mTacross a potential gradient of l6V/cm for 45 minutes after which the polarity was reversed for 20 
35 ^elnds Lct^^^ u^^^^^ were concentrated by successive butanol extractions to a voldume approximately 
sS ul exacted with phenol-chloroform [buffered with 0.5 M Tris-HCl (pH 7.5) then extracted with water] 
?500 a!) Aqueous phases were extracted with ether (3 x 1 ml), further concentrated by butanol extraction to 
approx imaZ aO Si. dned in vacuo and ethanol precipitated. Ethanol precipitation was accomplished by 
resusZd ng the Sna in 0.3 MlSdium acetate (pH 5.6, 250ul) then addition and mixing of ethano. (800 
^ uTchlg at 70-C for 90 minutes or longer followed by centrifuging for 15 minutes in an Eppendorf 
microcentrifuoe The pellets were dried in vacuo , resespended in water (500 ul). 

Teret o?rad^ was determined "sTi^rTn Intertechnique SL4000 Liquid Scintillation Coun er w. h on 
line Ml 750 silent 700 printer. Electroeluates were transferred to siliconised 750ml m.crocentr. uge tubes 
Teed in 20U standard plastic counting vials (Packard). Samples were allowed to dark adapt for 0 minutes 
.5 rn clnk^v radiation'determined by setting the Liquid Scintillation ^P-^^^^^Jj^^-^ j^^J^^Ts 
Bands from gels wee excised, placed directly into plastic counting vials and Cerenkov mtion was 
determined as described for electroeluates. Quenching of Cerenkov radiation m gel bands relative to the 
same amount of 32p-labelled oligonucleotide in solution could thus be allowed for. 

so 

Mismatch competition reactions : 

A total of 220 competition reactions were performed. Each -^'^^^f , °''9°""^'^°;f 3°' 3^3''^ 
(sequence control) were competed with CRNI in a DNA Ligase assay at 0. 5. 10 , \5. 20. 25. 3a 35 and 
55 40-C. in each case a O'C no enzyme control was included. All competitions were earned out a volurne of 
60al and contained tre 4(5.0pmole). 3 (7.5p Mole). CRNi (7.5p Mole) and ^°'"P«''"9 ^ anS 

Mole), m molar conwntrat.ons total oligonucleotide was 456.5 nM. tr£ 4 was 83 nM, tr£3. CRN 1 and 

competitor were all 124. 5 nM. 
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For each competing oligonucleotide a "corriDetition miv" wac « 
Mole) and CRNl (75 p Mole) in aqueous 50^70^ 390 uT ihrcr'f: '"""'"""^ ""^^''^^ '^^p 
equal portions. Both oligonucleotides were S°XZSa^Ll%"^^^^^^^ Z"' '° 
were further purified by DolvacrvlamiriB nJ^>J* \l P ^'^ and polynucleotide kinase. They 

jescnbed abo^e. Othe^TcSn^toCne^^ Z:^::, i^a^C l^- « 
Mole), t^E 4 (5.0P Mole) and 10X DNA ligase buffer (6 uO per 20 ul ^ ^ ' ^' '^ 

Ngase .soTiuiliJated a^tj: ^ZerateTa^r^^^^^^ — 

no enzyme controls where water (1 ul) was add^ i„r.?h».L ? ^ "'"^'^ ^''"P' '° 0'^ 

tem^ar: ^;angr Tor^irrrnXran^'T/ '''r ^^^--'^ — 

formamide/NaOH/2romophenorblueT20 rar,d 1^^^^ V P°«'°"5 <" 

ranges for individual comZt lonLZZs IT^T"""' ^'^^ °' temperature 

described (see Figures S.Vand '"^^^ °" ^^P^^^te gels which were autoradiographed as 

prop^ir^orprnX:^^^^^^^^ ^ctr r ^^--^^ ^^^^^^^ 

product bands from com'petiL were lil yi . ed and Cere^^ T '"'^ 

was visible the area of gel was isolated wh«r« nr^n! counted. If no competitor product band 

from the competition o? CRNi and CrI^^ Z^^^^ T '"''"''•'^ °' autoradiograph 

Pro^r^on Of mismatched producttthTtofalp'rctTet^^^^ ^^"'^^ '° - 

.ismarii^r prlc^wet th^y^ oT^r^'" ^^^'^ -"^^ ^ °' 

tamperaturesofO.5. 10, 15.20and25°C essentially constant at ligation 

Yields of mismatched products were consistftntiu ,cM,.,^^r, k 
performed at 30-0 and further reduced after incuTaS T^s 'c. ' ''''"'"^''''^ ''''' ^^^^ «9a«0" was 
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Hlaaatch total I Mismatch 

Oligoaucleotide Mismatch product cpm product cp« product 



CRN 2 NONE 5^7 UU 45.1 

T 

CRN 3A ACAACTG 8 124A 0.6 

C 

CRN 3B ACAACTG 6 1196 0.5 

A 

CRN 3C * ACAACTG 36 1206 2.9 

C 

CRN 3D ACAACTG 19 1329 I A 

A 

CRN 3E ACAACTG 8 1232 0.6 

G 

CRN 3F ACAACTG 10 1086 0.9 

C 

CRN 4A ACAACTG 12 963 1-2 

A 

CRN AB ACAACTG 12 1174 i.O 

/continued. . . . 
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Hisaatch total 1 Hlsaatcfa 

Oligonucleotide Mismatch product cpa product cpa product 



CRN 4C 



G 

ACAACTG 



15 



1183 



1,3 



CRN 4D 



C 

ACAACTG 



13 



1303 



0.1 



CRN 4E 



A 

ACAACTG 



24 



1281 



1.9 



CRN 4F 



G 

ACAACTG 



8 



1208 



0.7 



CRN 5A 



T 

ACAACTG 



67 



1136 



5.9 



CRN 5B 



C 

ACAACTG 



27 



1328 



2.0 



CRN 5C 



G 

ACAACTG 



22 



1070 



2,1 



CRN 5D 



T 

ACAACTG 



11 



1201 



0,9 



CRN 5E 



C 

ACAACTG 



11 



1281 



0,9 
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MlBUtcb total Z alsAatcb 

Oligonucleotide Hlsmatcb product cpm product cpa product 

A 

CRN 5F ACAACTG 23 1207 2.1 



T 

CRN 6A ACAACTG A98 1383 36.0 

A 

CRN 6B ACAACTG 421 12U 34.7 



CRN 6C ACAACTG 418 1222 34.2 

The results suggest that detection of point mutations in ONA should be possibte by pertorming assays 
in the presence of appropriate pairs of oligonucleotides one of which is complementary to the normal 
sequence and one of which is complementary to the mutated sequence followed by analysis of the ligation 
products. 



Claims 



1. A method for discriminating between alternative nucleotide sequences, which method comprises 
subjecting adjacent segments of a target base sequence to hybridisation with a detectable first nucleotide 
probe and with a second nucleotide probe, to form a hybrid, the nucleotide sequence of the first and 
second probe being such that where they form a split probe hybrid with a complementary target sequence 
they may subsequently be linked, subjecting any hybrid obtained to linkage, and detection of any hybrid 
obtained: 

^ the DNA sequence of the detectable first nucleotide probe and of the second nucleotide probe being such 
that a potential mismatch in the target sequence ties either between the said probes or at the terminal end 
of one of said probes which is contiguous with the other of the said probes; 

the method being effected such that a complementary target sequence is discriminated from a target 
sequence with one or more non-complementary nucleotides. . 

2. A method as claimed in claim 1 wherein the detectable first nucleotide probe and second nucleotide 
probe are hybridised to each side of a potential variant sequence in a target sequence the said probes 
being subjected to a linkage reaction which comprises introducing a nucleotide(s) complementary to either 
the normal or the suspected variant sequence and subjecting the nucleotide(s) to ligation; followed by 
detection of any hybrid obtained 

g« 3. A method as claimed in claim 2 wherein detection is effected by subjecttng any hybrid obtained to 
selective denaturing whereby any hybrid present, in which linkage of the detectable first nucleotide probe to 
the second nucleotide probe has not been effected, is denatured. 

4. A method as claimed in claim 2 or claim 3 wherein the introduction of the said nucleotide(s) is 
effected by the use of DNA polymerase. 

5. A method as claimed in any one of claims 2 to 4 wherein the detectable first nucleotide probe and 
second nucleotide probe are such that they hybridise to the target sequence whereby to leave a gap of a 
single nucleotide between the said probes. 
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55 



6 A method as claimed in claim l in which a split probe would be formed following hybrrd.sation with a 
,?«Trrrr'^''' '^'"^ ^^^i^^e^* ^o a 1^4 reason o^inl' 

ubl«l. ^ "^'^ '° ^^""'^ P^"'^- the hybrid thus obtained be ng 

sub ec ed to appropnate treatment whereby any hybrid present, in which linkage of the detectable I rs^ 

.sXlS V'?"'' ''^"^ ^enatured'whereas no de^rra on 

IS effected for a perfectly complementary detectable linked oligonucleotide-target sequence hybrid 

c K . -.T^Ll ''^^'^^ ^ segments of the target base sequence are 

tha? a I0I t^roS: Th ""^ ' ""^'^"♦^'^^ P^^'^^ ^ nucleotide probe such 

.0 whire ntesTar^bS'nn , T ^'' ' complementary target sequence, the hybrid obtained 

ri^!,^H Th I '^^'^ '° '^'^'^''^^ denaturing whereby to denature whichever of the first and 

^IZTr^n t° « P°«'°" °' tf^e target base sequence with one or more non 

t^Z. tZS rrt^K??'''' subsequently being subieaed to a linking reaction whereby 

uWe hi ^L TT T '° -t^«^« necessary 

subjecting the hybnd obtained to selective denaturation. whereby to discriminate between a target 

Z nSelST"''^ ? ''^^"'^ P^"''^^ ' t-9«t -ith one'o 

more nucleotides non-complementary to one of the first and second nucleotide probes 

tt,« LLTl°f^ *" ^'^"^ ' ^""^''^ °' t«"slocations in a target base sequence wherein 

2 ^^^^IT T r''' " '"""^'^ '° "'"'"''''^ ' °' P°t«"«a' translocation(s) and 

me non-detectable second nucleotide probe is adapted to hybridise to sequences adjacent to said potential 

m^H^'°"^''' r*"''^*'"^ ^^""'^ ""'^'^'''"^^ =-^'"9 member Of a tending parTJ 

hvbrifwZ h'H °' ' '^'^"'^ t° ""'^^"S '° a linked probe 
nybrid which hybrid is then denatured. 

nuclLfdrnll;^! '"^'"'^'^ *" ' °' ♦'^^ detectable first nucleotide probe and second 

5 sian?L nn^ H . T'^'' '"^^ '^"^'^ '^^'^^^ion. and denaturation where appropriate, a 

" ' °''t='"«'' ^'^'^^^ t)oth the moiety attached to he 

detectable first nucleotide probe and the moiety attached to the second nucleotide probe 

whirl » ^ '"^'"'^'^ ^ discriminating between alternative nucleotide sequences in 

rJLr« V^n^ I'^^T" " '° '^y''"d'sation with more than two oligonucleotide probes such that 

ZTt^lo T. nTj^^. T? Oligonucleotide probe which is detectable and the second nucleotide 
probe being the other terminal oligonucleotide probe which has attached thereto one member of a bindina 
pair, individual other oligonucleotide probes(s) being hybridised separately but adjacently to a con^S 
Tc^iveTnT T""V'T'' °"9°"-'-tide probes, the hybrid obtained is hen suS^d'o 

selective denaturation whereby to denature any oligonucleotide probe hybridised to the target sequence 

' ZT ! T °"90""<='e°tic^e probes linked to join r detectable 

f raltd of^S^^^^^^ Oligonucleotide probe having one member of a binding pair' attached theret o 
torrn a linked probe hybrid which ,s then denatured and contacted with the other member of the binding 

s^arr^r rrcT^^^^^^^^^^^^ ~ — - - p- - 

f^Jili^T .T^^ comprising a detectable first nucleotide probe and a second nucleotide probe 

Inrl n1 1 . T?l °' ' "^st nucleotide probe being 

capable of linkage to the second nucleotide probe. ^ 

sBrnnH t "j"'"'^ '^^""^'^ '^^^ detectable first nucleotide probe and/or the 

Ir TL TrT '° "'''"^ ^''^ °' ^ ^="^"t ^^'^^^n" associated with a disease t e 

or to the corresponding normal sequence; or are hybridised to the target base sequence such a tJat Jar ant 
bas sequence associated with a disease state therein is at the terminal end of one of sTd probes S 

IZnie" " °' " '° corresponding nla' 

r-c'-ntii"!! Ik '^'^'="'"'"^t'"9 '^^t^®^" alternative nucleotide sequences which comorises a detectable fir.. 
adSSrseTmentrof :^:°"^""^'«°ti'^^ Probe. each probe having a nucleotide sequence homologous t'o 
adjacent segments of a target sequence, a potential variant sequence being present in one of said 

srSa°oo.r.T""^ '''''''''' ''"^ ""'^'^"•'^^ second nuclotide p"be being 

the ft adlLrr.^^^^^^^ ""^ °' ''^ ^^''"^"^^ is present between said probes, 

the kit aditionally containng a reagem(s) for linking said probes. 
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14 A kit as claimed in claim 13 which contains a detectable first nucleotide probe and second 
nucleotide probe for detecting a point mutation associated with a disease state as well as a detectable first 
nucleotide probe and a second nucleotide probe for detecting the corresponding normal sequence .n which 
the point mutation was absent. 
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